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Introduction
Emerging Eastern European stock markets have come to interest international financial researchers and policy-makers during the last decade. These markets have attracted the attention of international investors due to their better diversification opportunities. They have become more attractive and accessible for investment due to decreasing restrictions on transactions, a series of reforms, and increasing financial transparency. Moreover, European Union enlargement creates a unique landscape for new financial investigations and analysis. This paper examines the stock markets in Poland, Hungary, the Czech Republic, representatives of Eastern European stock markets, and Russia, in a setting of regional influences. Our empirical analyses attempt to investigate whether and to what extent these emerging markets are integrated with each other. 1 The purpose of this study is threefold. First, we look at the linkages between Eastern European emerging equity markets and Russia. Second, we investigate the relationships between the currency markets of Poland, Hungary, Russia, and the Czech Republic. Finally, we examine the interdependence between Emerging Eastern European and Russian equity and currency markets.
The interdependence between different equity markets has been extensively investigated. Most studies, however, have focused their attention on volatility spillovers within the developed financial markets (see, for example, Hamao et al., 1990; Theodossiou and Lee, 1993; Lin et al., 1994; Susmel and Engle, 1994; Karolyi, 1995) . There are numerous studies exploring the relationships between the emerging markets of different regions, even though such work is still very scarce. For example, Worthington et al. (2000) look at the price linkages in Asian equity markets. Kasch--Haroutounian and Price (2001) examine Central Europe. Sola et al. (2002) analyze volatility links between the stock markets of Thailand, South Korea, and Brazil. More recently, Li (2007) studied the international linkages of Chinese stock exchanges. The examination of Eastern European and Russian market linkages, on the other hand, is limited and needs more investigation. Few studies explore these markets in terms of volatility and return linkages. Rare examples include Li and Majerowska (2008) , Fedorova and Vaihekoski (2009), and Scheicher (2001) , who study the linkages between the Czech Republic, Poland, and Hungary, whereas Saleem (2009) investigates the international linkages of the Russian market.
In the same way, the literature on the linkages between equity and currency markets mostly explains the dynamics of the currency and equity markets of developed economies (see, for example, Yang and Doong, 2004; Francis et al., 2006; Dark et al., 2005) . There are some studies dealing with the emerging economies, but these are still inconclusive (see, for example, Morales, 2008; Tai, 2007; Yang and Chang, 2008) . In particular, studies covering the emerging markets in Eastern Europe and Russia are very scarce. This paper investigates the relationships between Eastern European and Russian stock and currency markets using the GARCH process, for which a BEKK representation developed by Engle and Kroner (1995) is adopted. We investigate the relationships between stock markets, between foreign exchange markets, and between stock and currency markets within one country. Our research examines whether changes on one market (for instance, a stock market) influence the performance of another market (for example, a currency market).
The sample period is from 1995 to 2008, covering Poland, Hungary, the Czech Republic, and Russia. All these countries experienced changes in their economies on the way from communist to capitalist regulation systems. Poland, Hungary, and the Czech Republic recently joined the European Union. These countries have the biggest stock markets in Emerging Eastern Europe in terms of market capitalization. On the other hand, Russia is one of the largest emerging markets in the world today. All the sample countries are growing fast given the wide range of opportunities for local and foreign investors.
We find evidence of direct linkages between the equity markets of Poland, Hungary, Russia, and the Czech Republic in terms of both returns and volatility. Similarly, interdependence between the currency markets of Poland, Hungary, Russia, and the Czech Republic is found. When analyzing the relationship between currency and stock markets we find unidirectional volatility spillovers from currency to stock markets in Poland, Hungary, and Russia. However, the Czech Republic returns are also found to affect the currency market. Overall, our results show clear evidence of integration of Eastern European markets within the region and with Russia as well.
The rest of the paper is organized as follows. The second section presents the theoretical background and the empirical formulation of the testable model. Section 3 introduces the sample countries, the data used in the study, and its descriptive statistics. Section 4 provides the results of the analysis. Concluding remarks are presented in Section 5.
Model Specification
Another issue addressed in this paper is the choice of model when dealing with emerging economies. The most common methodologies applied by researchers to study the volatility spillover effect are based on VAR analysis (see, for example, Syriopoulos, 2007; Lucey and Voronkova, 2006) . The Autoregressive Conditional Heteroskedasticity (ARCH) process proposed by Engle (1982) and the generalized ARCH (GARCH) proposed by Bollerslev (1986) have also been extensively applied to model volatility. However, to examine the volatility linkages between two markets or assets a multivariate GARCH approach is preferred over univariate settings. The BEKK (Baba, Engle, Kraft, and Kroner) parameterization proposed by Engle and Kroner (1995) provides an appropriate framework for checking the volatility linkage between two markets. It also ensures positive definiteness of the conditional variance-covariance matrix, which early models, such as Bollerslev et al. (1988) , fail to guarantee. The BEKK model complies with the hypothesis of constant correlation and allows for volatility spillover across markets.
We start our empirical specification with a bivariate GARCH(1,1) model that accommodates each market's returns and the returns of other markets lagged by one period. 
where r t is an n×1 vector of weekly returns at time t for each market. The n×1 vector of random errors μ t represents the innovation for each market at time t with its corresponding n×n conditional variance-covariance matrix H t . The market information available at time t-1 is represented by the information set Ω t-1 . The n×1 vector, α, represents the constant. The own-market mean spillovers and cross-market mean spillovers are measured by the estimates of matrix β elements, the parameters of the autoregressive term. This multivariate structure thus facilitates measurement of the effects of innovations in the mean stock returns of one market on its own lagged returns and those of the lagged returns of other markets. Given the above expression, and following Engle and Kroner (1995) , the conditional covariance matrix can be stated as:
where the parameter matrices for the variance equation are defined as C 0 , which is restricted to be lower triangular, and two unrestricted matrices A 11 and G 11 . Thus, the second moment can be represented by: 
Following Engle and Kroner (1995) the above system can be estimated by maximum likelihood estimation, which can be optimized by using the Berndt, Hall, Hall, and Hausman (BHHH) algorithm.
3 From equation (4) we obtain the conditional log likelihood function L(θ) for a sample of T observations:
where θ denotes the vector of all the unknown parameters. Numerical maximization of equation (4) yields the maximum likelihood estimates with asymptotic standard errors. Finally, to test the null hypothesis that the model is correctly specified, or equally that the noise terms, μ t , are random, the Ljung-Box Q-statistic is used. This is assumed to be asymptotically distributed as χ 2 with (p -k) degrees of freedom, where k is the number of explanatory variables.
Data and Descriptive Statistics
The tests in this paper are conducted on three major emerging countries from Eastern Europe and Russia. The sample period is from January 1995 to December 2008. Our analyses are from the perspective of U.S. investors, i.e., all returns are measured in U.S. dollars. We use weekly total return indices, which are based on week-end observations of total return market indices throughout the paper.
As test assets in the analysis we utilize market portfolios from each of the sample countries. As a proxy for the market stock return we use the Datastream indices. These indices were available for the countries under investigation for the long term and have frequently been used in similar studies. The market portfolio indices include gross dividends, i.e., they measure the total pre-tax return for investors.
As a proxy for the currency market, we use the single bilateral currency exchange rates of the Polish zloty, the Czech crown, the Hungarian forint, and the Russian ruble against the U.S. dollar. As an alternative class of assets one could select, for example, the bond or derivative market. However, we chose the currency market mainly due to data availability. Moreover, the currencies of Poland, Hungary, the Czech Republic, and Russia have undergone several currency regimes (multiple devaluations and revaluations, and periods of fixed and floating exchange rates), which make them an interesting test laboratory for the tests of interdependence. Furthermore, 
Sample Countries and Test Assets
In our study we select sample countries such as Russia, Poland, Hungary, and the Czech Republic. All these economies are in transition from a communist system to a capitalist one, but in many ways their development has diverged. For example, Poland, Hungary, and the Czech Republic are relatively new European Union countries, having joined in May 2004. Russia, on the other hand, is not a member of the EU, but is one of the largest emerging markets in the world.
The stock markets of the sample countries were established during the 19th and early 20th centuries. However, during the communist regime, the stock exchanges were closed in all the countries. The first ones to open their stock markets after the end of the communist era were Hungary and Poland in mid-1991. The Russian stock market began operating in 1992. The Prague Stock Exchange in the Czech Republic was opened last, in 1993. Figure 1 shows the stock market capitalization (in % of GDP, column graph) and GDP (in millions of US$, line graph) of these emerging countries over the sample period 1995-2007. The Russian Federation stands out from the others with its relatively high market capitalization, while Poland, Hungary, and the Czech Republic had an approximately equal level of capitalization over the last five years (2003--2007) .
Figures 2 and 3 show the historical changes of the local return indices and exchange rates for the sample countries analyzed. The stock return graph reveals significant growth in the Russian stock market compared to the other stock markets from the middle of 1996 until the Russian financial crisis of August 17, 1998. A series of reforms was carried out at that time, including the redenomination of the Russian ruble, as reflected in Figure 3 in a significant decline of the ruble. Stock indices were growing and local currencies were getting stronger against the U.S. dollar thereafter. In the middle of 2008 the situation on the financial markets changed again. This phenomenon was reflected in an increase of the local currencies' exchange rates relative to the U.S. dollar. The descriptive statistics for asset returns and exchange rate changes are presented in Tables 1 and 2. Figure 4 presents the 52-week rolling--window correlation between the stock and currency markets for each country; it is evident that the correlations were volatile during the sample period.
Empirical Results

Linkages between Equity Markets
Our empirical results answer the theoretical questions formulated in the previous sections. First, to examine the linkages between stock markets, six pairwise Table 3 , in order to see the relationship in terms of returns within the countries in each pair. The effects of Russian stock returns are found to be considerable on all the Eastern European stock markets, as the β 1 parameters for all the modeled pairs with Russia are statistically significant, while the β 1 parameters for all the modeled pairs with Poland except for Hungary are also found to be statistically significant, suggesting that the returns in Poland also influence those in neighboring countries. Similar results are found for Hungary and the Czech Republic.
Next, we examine the estimated results of the time-varying variance-covariance equation (4) in the system. Matrices A and G, reported in Table 3 , help us examine the relationship in terms of volatility as stated in equation (4). The diagonal elements in matrix A capture the ARCH effect, while the diagonal elements in matrix G measure the own GARCH effect. As shown in Table 3 , the estimated diagonal parameters, a 11 , a 22 and g 11 , g 22 , are all statistically significant, indicating a strong GARCH(1,1) process driving the conditional variances of the six pairwise indices. In other words, own past shocks and volatility affect the conditional variance of the Polish, Czech, Hungarian, and Russian stock markets.
The off-diagonal elements of matrices A and G capture cross-market effects such as shock and volatility spillovers among the six pairs. First, we document shock transmissions between Russia and other markets. We find evidence of a unidirectional link between Russia and Poland and Russia and the Czech Republic, as well as Russia and Hungary. Interestingly the direction is from Russia to Poland, Hungary, and the Czech Republic, as only the off-diagonal parameter a 12 is statistically significant at the 5% level of significance, meaning that Russian shocks (e.g., the Rus- The p-value for the Ljung-Box test statistic for the null that autocorrelation coefficients up to 12 lags are zero.
Table 3 Mean and Volatility Spillovers for Stock Markets Estimated from a Bivariate GARCH(1, 1)-BEKK Model of Weekly Return Indices
The diagonal elements in matrix β represent the mean equation while matrix A captures own and cross-market ARCH effects. The diagonal and off diagonal elements in matrix G measure own and cross-market GARCH effects. LB and LB 2 presents the Ljung-Box Q-statistic for standardized and standardized squared residuals. (*) denotes the significance level at 5%, (**) denotes the significance level at 10%.
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Linkages between Currency Markets
Next, we answer our second question: the linkages between the currency markets of selected Eastern European markets and Russia. Again, using the BEKK framework, we estimate the six pairwise models explained in the previous section.
While documenting the shock transmissions between the Russian ruble and other currencies, we find a bidirectional relation between the Russian ruble and the Czech koruna. At the same time, sudden shocks to the Polish zloty and the Hungarian forint are found to affect the movements of the Russian ruble, whereas volatility on the Russian currency market clearly has spillovers between the modeled pairs. In the case of the three selected Eastern European currency markets, we find evidence of unidirectional volatility spillovers between Poland and Hungary as well as Poland and the Czech Republic. Bidirectional volatility transmissions are found in the case of Hungary and the Czech Republic. The estimated results are reported in Table 4 . Again, our results show clear evidence of integration of Eastern European currency markets within the region and with Russia as well.
Linkages between Stock and Currency Markets
Finally, we examine the transmission of shocks and volatility between the stock markets and currency markets of Russia, Poland, Hungary, and the Czech Republic. We present our analysis in the same fashion as in previous sections. Four pairwise models are estimated as before.
We start with the mean equation of the system. The results, reported in Table 5 , show a significant effect of currency market returns on the stock market returns in Russia, Hungary, and the Czech Republic.
Next, we document the shocks and volatility spillovers represented by vectors a ij and g ij. In all the modeled pairs we find evidence of strong ARCH and GARCH effects, as in every case the diagonal elements of matrices A and G, a ii and g ii , are highly significant, which captures within-market effects such as shock and volatility spillovers between the two assets. This indicates the suitability of our model selection.
Then we explain the shock and volatility spillovers between the modeled pairs. The off-diagonal elements of matrix A capture the cross-market shock effects. The Russian stock and currency markets as well as the Polish stock and currency markets show evidence of bidirectional effects, meaning that changes in the currency market also influence the stock market. In the same way, fluctuations in the stock market affect the currency market. Currency market shocks are found to dominate in the case of Hungary and the Czech Republic. Finally, we present the off-diagonal elements of matrix G, which capture the cross-market volatility spillovers. In all the modeled pairs, currency market volatility is found to significantly affect the stock market. Only the Czech Republic returns are found to affect the currency market.
Summary and Conclusions
